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Two different sets of Lunar Reconnaissance Orbiter (LRO) range rate measurements, both ex¬ 
tracted from the same publicly-available LRO data, yield different results on the order of 0.001% of 
either measurement. Though very small and insignificant in terms of navigational need, this mea¬ 
surement difference is nonetheless definite, and exhibits a pattern which varies from Moon-center 
to Moon-limb with respect to where LRO transmitted its radio navigation signal. The angle rate 
difference pattern can be approximated as a simple cosinusoidal function. 

PACS numbers: 95.10.Eg, 95.55.Pe 


BACKGROUND 

During post-nominal science operations in 2012 and 
2013, the NASA Lunar Reconnaissance Orbiter (LRO) 
spacecraft was in an elliptical polar orbit with a perigee 
of 40 km and an apogee of 180 km, with an orbit period 
of ~118 minutes. In addition to conducting a variety 
of scientific experiments and a laser-ranging experiment, 
LRO communicated ordinary engineering telemetry via 
S-band radio transceiver. 

Various characteristics of the S-band carrier signal can 
be extracted from publicly-available navigation data [? 
] using NASA GSFC document 450-TAH-STDN [? ]. 
These extractable characteristics include Doppler range 
rate and round-trip light time (RTLT). Given RTLT, the 
exact range R n of the spacecraft range rate at any given 
time can be calculated via R n = c ■ RTLT„. Thus 
a secondary range rate calculation can be made using 
(Rn +1 — Rn)/{T n + 1 — T„), and can be compared to the 
primary range rate calculation via Doppler at equivalent 
timestamps. 


RANGE RATE MEASUREMENT 
COMPARISON METHOD 

Data can be organized into sets of similar LRO orbits 
by organizing the data into groups where the data in 
each group has roughly the same beta-angle between 
spacecraft orbit and earth observer. 

Range rates, derived from Doppler and alternately 
from (R n+ \—R n )/(T n+ i—T n ), can be averaged to remove 
random imprecision inherent in either or both range rate 
measurements. By performing such averaging for mea¬ 
surements at LRO orbit positions, which are comparable 
in terms of LRO orbit phase (i.e., some time offset within 


1 c = speed of light 

2 The referenced “beta-angle” is the angle between the spacecraft’s 
lunar orbit plane and the Moon-Earth line. 


the LRO orbital period), random imprecision can be mit¬ 
igated for each orbit phase offset. Such measurements per 
orbit beta-angle and orbit phase offset will be called an 
LRO “orbit phase bin.” 



FIG. 1: Consider two LRO orbits having identical beta 
angles: distinct orbit phase bins are illustrated 
in red, green, and blue (red closest to the limb). 
Data from each respective phase bin from one 
orbit can be averaged with data from the other 
orbit in the same bin. 


DATA ANALYSIS RESULTS 

For an example data range in years 2012 and 2013, 
the average data difference shows a small but noticeable 
cosinusoidal difference pattern, though not the same as 
what was found by other analysis [? ]. 

This result may be similar to the observed solar center- 
to-limb variation of the solar wavelength [???]. It is 
also possible that this cosinusoidal difference pattern con¬ 
forms to a correlated anomaly predicted by A. F. Mayer, 
prior to LRO launch [? ]. 
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FIG. 2: Average Difference Between Range Rate 
Measurements per Phase Bin. 


As a sidenote, the pattern could be a result of some 
other anomaly, or the pattern could simply be the re¬ 
sult of incorrect interpretation of data timestamps while 
reducing the data (by the author, M. A. Yang). In ad¬ 
dition, other data in other formats was also collected for 
this S-band transceiver, but was not in a raw format as 
found in that which could be extracted using the infor¬ 
mation in the 450-TAH-STDN document. The data in 
the other format (unrelated to this paper) was reported 
by NASA to have no anomalies present [? ]. 


CONCLUSION 

Two sets of range-rate measurements, derived from the 
same publicly-available dataset, yield slightly different 
results; that difference conforms to a cosinusoidal pattern 
and constitutes an anomaly that requires explanation. 
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